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[57] ABSTRACT 
Method for improving the dielectric strength of insula 
tion not subject to fluid pressure and used to insulate a 
conductor element, such as the conductor of a cable, an 
insulator, etc., subjected to direct current high voltage 
in which, during or prior to service use thereof, the 
insulation is subjected continuously or intermittently to 
a varying amplitude, direct current voltage. The ampli 
tude of the variation is small relative to the average 
value of the direct current voltage and the frequency of 
the variation, preferably, is less than 60 Hz. Also, appa 
ratus for providing the voltage of varying amplitude 
including an alternating current generator in series be 
tween the direct current source and the conductor ele 
ment and inductor in parallel with the generator, the 
inductor having a low ohmic resistance and a high reac 
tance relating, respectively, to the ohmic resistance and 
reactance of the generator. 

20 Claims, 3 Drawing Figures 
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METHOD AND APPARATUS FOR IMPROVING 
THE DIELECI‘ RIC STRENGTH OF DIRECT 

CURRENT CABLE INSULATION 

The present invention relates to an improved method 
and system for improving the dielectric strength of 
insulation of a cable and/or other components of a high 
voltage, direct current, electric power transmission 
system. 
More precisely, the present invention relates to direct 

current cables intended for operation at voltages of 
over 100 kV. 

Further, the invention can be advantageously applied 
to the components or accessories for direct current, 
electric power transmission systems, provided with 
insulating material, such as, for example, the overhead 
line insulators for direct current, or for the insulation of 
the direct current components used in the stations for 
transforming the current from alternating current to 
direct current. 
For the sake of simplicity, the following description 

will refer to insulation for direct current cables; how 
ever, it is to be understood that the disclosed concepts 
can be applied also to the insulation of the components 
or accessories described hereinbefore. 

It is known that in direct current systems, especially 
in a cable having an insulation not kept under pressure, 
neither under gas, nor under liquid pressure, a critical 
situation for the insulation dielectric strength occurs 
during the thermal transients which occur as soon as the 
cooling phase starts, after the load has been discon 
nected. 
The dielectrics of these cables which are not fed with 

oil or gas and, consequently, which are not subjected to 
intentionally applied ?uid pressure, cannot have any 
appreciable longitudinal movement of fluids during said 
thermal transients, but only expansions or contractions 
prevailingly in the radial sense. 
With equal outer pressure, during the heating and the 

radial expansion of the insulation, there is a rise of the 
inner pressure. 
During the cooling phase, owing to the thermal con 

traction of the insulation, the inner pressure becomes 
lower and there takes place a sudden formation, or 
increase in dimensions, of cavities or gaseous bubbles, in 
which the pressure of the residual gas is much lower 
than the atmospheric one. Said cavities become points 
of partial discharges, which turn into disruptive dis 
charges which can lead to the break-down of the insula 
tion. 

This result has been extensively demonstrated during 
tests on extruded insulation cables which have been 
carried out in the laboratories of the assignee of this 
application and for the results with cables provided 
with an insulation of paper impregnated with a com 
pound, reference is made to the following literature: 

(a) “High voltage direct current cables: the state of 
the art”-—G. Maschio & E. Occhini-—2l/29 Au 
gust 1974—CIGRE 

(b) “200 kV D.C. submarine cable interconnection 
between Sardinia and Corsica and between Corsica 
and Italy”—Gazzana Priaroggia & Palandri 
—10/20 June, 1968—CIGRE 

(c) “Dielectric Phenomena in Impregnated Paper 
Insulated Cables for H.V.D.C. Transmission’ 
’—-Gazzana Priaroggia-Direct Current Vol. 8 
N8, August 1963. 
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2 
Thermal differences of about 10° to 15° C. across the 

insulation during the heating of the cable with maxi 
mum gradients on the cable conductor of about 50 
kV/mm and even lower are suf?cient to cause the sud 
den breakdown of the insulation within the ?rst two 
hours from the disconnection of the load. 
The cavities also form during the cooling phase with 

cables subjected to alternating current, or if already 
existing, increase in dimension, but such cavities are less 
dangerous than in the case of direct current. This is due, 
according to the cited literature, at least to three differ 
ent factors as follows: 

(1) The distribution of the electric ?eld in direct cur 
rent systems is different from alternating current 
systems. In particular, in gas-?lled cavities having a 
?at shape, during the pre-ionization phase, there 
can occur a concentration of gradient with direct 
current which is much higher than the concentra 
tion with alternating current. This is due to the 
different behavior of the relative conductivities 
with direct current as compared with the relative 
permitivities with alternating current. In fact, in 
this latter case, the distribution of the potential 
gradient is a function of the relative constant di 
electric or permitivity, while with direct current, it 
is a function of the resistivity. With direct current, 
the resistivity of the gaseous cavity being practi 
cally in?nite, there is localized at said gas-?lled 
cavity a very high gradient which causes said gase 
ous cavity to represent a considerable discharge 
risk. 

(2) The average gradients to which the direct current 
cables are subjected in service, are much higher 
than those (measured at peak value) to which alter 
nating current cables are subjected. 

(3) The accumulation of the static charges, with di 
rect current, represents an amount of energy ready 
to disrupt with the starting of ionization in the gas 
bubble. This has no comparison with alternating 
current where the alternating of polarities exercises 
a controlling action over the draining of the 
charges. 

The prior art has suggested that a remedy to the 
drawbacks mentioned above may be found by having 
recourse, with the extruded insulation cables, to the 
so-called “dry curing”——cross-linking of the insulation 
in an oil or inert gas ambient or to dry cooling, in order 
to reduce to the minimum the number and the dimen 
sions of the gaseous cavities whereas with respect to the 
cables insulated with paper impregnated with viscous 
oils or with viscous oil compounds, by arranging that in 
said compound, during ‘the shrinkage phase, cavities as 
small as possible be formed by using very thin papers, 
wound in a compact manner. The result obtained on the 
dielectric strength is, however, rather slight, being at 
the most of the order of 10% of the maximum gradient 
on the conductor. 

Also, it has been tried to use in the cables insulated 
with impregnated paper, tapes of paper impregnated 
with a non-migrating compound, favoring the forma 
tion of preformed cavities. Said preformed cavities 
should have the theoretical advantage, during the ther 
mal transients, to change their dimension limited in size, 
presenting in their inside a non-negligible gaseous pres 
sure, sufficient to block or reduce the gaseous ioniza 
tion. In the present practice, this objective is however, 

' dif?cult to achieve. 
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Italian Pat. No.708 832 teaches how to obtain a steady 
resistivity in the dielectric of direct current impreg 
nated cables by incorporating anti-static substances into 
the impregnating mass and/or into the insulating tape. 
US. application Ser. No. 327,353, ?led Dec. 4, 1981 and 
corresponding to Canadian application Ser. No. 
393,417, ?led Dec. 30, 1981, both applications being 
assigned to the assignee of the present application, sug 
gests the use of low resistivity impregnating compounds 
to reduce the gradients on the gas-?lled cavities and to 
facilitate the draining of the charges around the cavities 
of the insulation of the direct current cables. 
However, the embodiments according to the pro 

posal of said Italian patent and said patent applications, 
although having given results which, without doubt, 
are better with respect to the state of the art known up 
to this time, do not permit the obtaining of that optimal 
behavior which would be desirable for direct current 
cables for service voltage of 300 kV and over. 
One object of the present invention is to provide a 

new solution through which the above-mentioned 
drawbacks can be eliminated in the insulation of a cable 
and/or other components for high voltage, direct cur 
rent, power transmission systems. Such solution is based 
upon a very important observation, namely, it has ob 
served that the cited drawbacks take place when the 
direct voltage applied to the cable conductor is rigor 
ously constant. 
However, the direct voltage generated by the recti? 

ers known in the state of the art is not constant but 
presents wave-like movements or “ripples”. These 
wave-like movements have been considered up to now 
only as an element of disturbance and parasitic. In fact 
they can produce losses in the dielectric because of 
capacitive currents, parasitic currents in the conductors 
and other negative effects. 
The present technique regarding systems using direct 

voltages provides for the connecting, at the sealing 
ends, of levelling ?lters for eliminating said wave-like 
movements. When the direct current line comprises a 
very long cable, in the order of 50 to 100 km or over, 
the capacity of the cable exercises a filtering effect, 
already known per se, so that the “ripples” can be to 
tally absent on the cable. 

Applicant has observed that in cables for the use with 
direct current, having an insulation not kept under pres 
sure, the dielectric strength of said insulation is substan 
tially improved when the voltage applied to the con 
ductor presents wave-like movements or “ripples” due 
to an alternating component, with a pre-?xed ampli 
tude, measured over the peak values. The phenomenon 
by which the addition of an alternating component to a 
direct component favors the dielectric strength of the 
insulation is not yet completely understood. 
However, Applicant postulates that the “ripples” 

exercise an action for controlling the draining of 
charges around the cavities, or they favor the rapid 
establishment of a positive pressure in the cavities suffi 
cient to block the dangerous disruptive charges, im 
proving in such a way the dielectric strength. 
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serve that in some cases the temporary application, for 
example, from 10 to 30 days, of a direct voltage with the 
overlapping of “ripples” of pre-determined value, can 
have a lasting effect, in the sense that the bene?cial 
effect on the insulation strength is extended in time even 
when the “ripples” are subsequently eliminated. 
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The main object of the present invention is a method 

for improving the insulation dielectric strength of a 
cable and/or of other components for high voltage, 
direct current, electric power transmission systems, said 
cable and/or said components comprising at least a 
conductor element and insulation not kept under pres 
sure, said method being characterized by the fact of 
feeding the conductor element with a voltage resulting 
from the superimposing of an alternating voltage hav 
ing a pre?xed amplitude on a direct voltage. 
To the purposes of the present invention, the term 

“conductor element” is to be understood as meaning the 
conductor of a cable, or the high voltage electrode of 
said components. 

In a preferred embodiment, said method provides 
that said alternating voltage has an amplitude com 
prised between 0.5% and 10%, and preferably between 
1% and 5% of the value of said direct voltage. 
Another preferred embodiment provides that said 

alternating voltage has a frequency not higher than 60 
periods/second and preferably comprised between 1 
and 20 periods/second. 
Another object of the present invention is to provide 

a system for feeding a cable and/or other components 
for high voltage, direct current, electric power trans 
mission systems, said cable and/ or said components 
comprising at least a conductor element and insulation 
not kept under pressure, said system being character= 
ized by the fact of comprising means for feeding said 
conductor element with a voltage resulting from the 
superimposing of an alternating voltage having a pre 
?xed amplitude on a direct voltage. 

Further, the present invention relates to an electric 
cable, as well as to any component for high voltage 
direct current, power transmission systems, both having 
an insulation not kept under pressure and fed according 
to the method and/or system mentioned above. 
Other objects and advantages of the present invention 

will be apparent from the following detailed description 
of the presently preferred embodiments thereof, which 
description should be considered in conjunction with 
the accompanying drawings in which: 
FIG. 1 represents schematically a length of direct 

current cable with extruded insulation; 
FIG. 2 shows a graph of the feeding voltage accord 

ing to the invention and of its component voltages; and 
FIG. 3 is a diagrammatic illustration of a system for 

feeding the cable of FIG. 1 according to the method of 
the present invention. 
FIG. 1 illustrates an extruded insulation cable 10 

which comprises at least a conductor 11 around which 
there is provided an inner semi-conductive screen 12 
which could be provided in a known way, for example, 
by extrusion of a semi~conductive material. 
The insulation 13, constituted by one or more layers 

of extruded insulating material, surrounds the semi-con 
ductive screen 12 and an outer semi-conductive screen 
14 surrounds said insulation 13. 

In the illustrated example, the elements 11-14 are 
enclosed in a metallic sheath 15 that acts as a barrier 
against the penetration of moisture. Said metallic sheath 
could be covered with protective layers known in the 
art, or with other elements which become necessary for 
contingent conditions. In FIG. 1 the metallic sheath 15 
is covered with an anticorrosive sheath 16. 
Although the example of FIG. 1 represents an ex 

truded insulation cable, it is understood that said insula 
tion could be of other nature, for example, could be of 
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tapes wound of paper impregnated with oil or with a 
mixture of oils, or tapes of synthetic or semi-synthetic 
material impregnated with the same oils or mixtures. 
What is important is that the insulation is not kept under 
any internal pressure, in consequence of which thermal 
transients can produce cavities or gaseous bubbles (or 
increase in dimension thereof) during the cooling phase. 
A direct voltage V (FIG. 2) which is not rigorously 

constant but which varies in amplitude and which ex 
tends for the whole length of the cable, is applied to the 
conductor 11 of the cable. 

Said voltage V is the resultant of superimposing on a 
direct voltage having a constant value of an alternating 
voltage (in the example, but not necessarily, sinusoidal) 
having a pre-?xed amplitude R (of the “ripple”) and 
such a value as to raise the dielectric strength of the 
insulation by controlling the draining of the charges 
around the gas-?lled cavities, which form in the dielec 
tric 13 during the cooling phase of the cable, due to the 
thermal transients. 
The “ripple” which, up to now, has been considered 

as an element of disturbance and consequently parasitic 
and which has been considered as desirable to com 
pletely eliminate, becomes, according to the present 
invention, a ‘favorable element, without causing appre 
ciable disadvantages, because it has been found that the 
component of alternating voltage to be superimposed 
on the direct voltage and suf?cient to obtain the desired 
dielectric strength is within the limits tolerated by ca 
bles and components used for direct voltages. 

It has been observed that with a “ripple” of amplitude 
R de?ned by the ratio: 

and having a value comprised between 0.5% and 10%, 
and preferably between 1% and 5%, the cables having 
an insulation not kept under pressure and used for volt 
ages comprised between 300 and 500 kV are able to 
bear, without damage, thermal transients with gradients 
of the order of 60 to 70 kV/mm, and also higher, and 
with thermal differences between the radially innermost 
and radially outermost surfaces of the insulation higher 
than 15° C., without risks of break-down in the dielec 
tric 13. 

Further, it has been observed that alloting a fre 
quency not higher than 60 periods/second to the alter 
nating component the parasitic effects are substantially 
reduced due to the presence of the “ripple” (losses in 
the dielectric, capacitive currents, parasitic currents in 
the conductors and so on). 
The ef?cacious‘ness of the alternating component on 

the dielectric strength of the insulation is notably appre 
ciable also with frequency of 1 period/second, whereas 
the parasitic effects become practically negligible. 

In particular frequencies comprised between 1 and 20 
periods/second have been demonstrated to be useful. 
Satisfactory results have been obtained with frequency 
of 16-(§) periods/second. 
The alternating component superimposed on the di 

rect component can be applied to the cable according to 
various different systems. 

It can be applied during the cable service in a contin 
uous manner for the whole time in which said service 
lasts, or it can be applied always during the service, but 
in a discontinuous manner, for example, for a period of 
time comprised between 10 and 30 days and repeated 
from 1 to 3 times every year. In both cases, the alternat 
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6 
ing component will be superimposed on the service 
value of the direct component. 

Said alternating component superimposed on said 
direct component could be also applied to the cable 
preventively, i.e., before the cable itself starts the ser 
vice, for example, during the tests, for a temporary 
period comprised between 10 and 30 days. In this latter 
case, the direct component can have values different 
from the service one. i 

The shorter the time that the alternating component 
is applied, the less important the parasitic effects in 
duced in the cable will be. Therefore, in this case, its 
frequency can assume the higher values among those 
indicated above and if desired, also higher. 

Also, the most convenient amplitude R of the “rip 
ple” can depend on the length of time for applying the 
alternating component. If this latter is applied in a con 
tinuous manner, it is preferable that the amplitude of the 
“ripple” be such as to give partial gradients on the cable 
lower than 5 kV/mm in effective- value, to guarantee 
the cable safety (by “partial gradients” is meant those 
gradients due only to the alternating component). 

If the alternating component is applied in a discontin 
uous or temporary manner as indicated hereinbefore, 
said partial gradients on the cable can reach also 10 kV 
in effective value and over. 
A “ripple” having the amplitude values indicated 

above, could be applied to the cable through the same 
means which is used for the feeding in direct voltage. 
For example, a direct voltage of varying amplitude 
could be applied through the same recti?er which gen 
erates direct voltage, since the recti?er never does pro 
duce a voltage perfectly constant. However, said “rip 
ple” is generally at a high frequency, for example, 100 
periods/second or higher. 

Further, it happens that in long length cables, or in 
cables belonging to circuits connected to large capaci 
tances the voltage of the recti?er, which has a ripple 
when the recti?er is without load, is perfectly levelled 
when the load is applied. 

In order to superimpose the alternating voltage on a 
direct voltage in conformity with the present invention, 
it is suggested that a feeding system of the type shown 
in FIG. 3 be used. 
FIG. 3 shows an alternator or alternating current 

generator, in series with a direct current generator 20 
and connected to the conductor 11 of the cable 10. The 
cable 10 is connected to the opposite end to the load 17. 

In order to avoid having the direct current pass 
through the alternator 19, it is necessary to shunt this 
latter through an inductor 18 having respectively a 
much lower ohmic resistance (for example, 10 times) 
and an inductive reactance much higher (for example, 
10 times) than the internal ones of said alternator. 
The invention has shown to be useful to improve the 

dielectric strength of the insulation of direct current 
cables provided with extruded insulation, for example, 
polyethylene or cross-linked polyethylene, provided 
with insulation constituted by tapes of paper, or syn 
thetic material, or semi-synthetic material, impregnated 
with oils or a mixture of oils or provided with insulation 
of any other material considered insulating in the art of 
direct currents and which comprises cavities change 
able in dimension during the thermal transients. 
The method according to the invention can be further 

advantageously applied not only to the cable ?eld, but 
also to the ?eld of the components for high voltage, 
direct current, electric power transmission systems 
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which are provided with an insulation not kept under 
pressure, as, for example, the insulators of a direct cur 
rent overhead line, or the insulation of the direct cur 
rent components constituting the stations for transform 
ing the current from alternating to direct, etc. 
Although preferred embodiments of the present in 

vention have been described and illustrated, it will be 
apparent to those skilled in the art that various modi? 
cations may be made without departing from the princi= 
ples of the invention. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are de?ned as 
follows: 

1. A method for improving the dielectric strength 
with respect to a direct current voltage of the insulation 
around a conductor element for forming part of a direct 
current power transmission system, said insulation 
being without fluid pressure thereon, said method com 
prising subjecting said insulation throughout its length 
to a direct current voltage of a predetermined magni 
tude applied to said conductor and varying the ampli 
tude of said direct current voltage throughout the 
length of said insulation at a periodic rate, said ampli 
tude being varied by an amount less than said predeter 
mined magnitude and less than an amount which will 
cause voltage breakdown in said insulation. 

2. A method as set forth in claim 1 wherein said 
amount is between 0.5% and 10% of said predetermined 
magnitude. 

3. A method as set forth in claim 2 wherein said 
amount is between 1% and 5% of said predetermined 
magnitude. 

4. A method as set forth in claim 1 wherein said peri 
odic rate does not exceed about 60 Hz. 

5. A method as set forth in claim 4 wherein said peri 
odic rate is between about 1 Hz and about 20 Hz. 

6. A method as set forth in claim 1 wherein the ampli 
tude of the voltage applied to said conductor is varied 
by superimposing an alternating voltage on the voltage 
of said source. 

7. A method as set forth in claim 6 wherein said alter 
nating voltage is superimposed on the voltage of said 
source, by connecting said source to said conductor 
element through an alternating current generator and 
an inductor connected in parallel with said generator, 
said inductor having an ohmic resistance which is low 
relative to the ohmic resistance of said generator and 
having a reactance which is high relative to the reac 
tance of said generator. 

8. A method as set forth in claim 1 wherein said con 
ductor element is connected to a direct current power 
source at a ?rst point and is connected to a load at a 
second point remote from said source and wherein the 
amplitude of the voltage applied to said conductor ele— 
ment is varied during the time that direct current is 
supplied to said load. 

9. A method as set forth in claim 8 wherein the ampli 
tude of the voltage applied to said conductor element is 
varied during all the time that current is supplied to said 
load. 

10. A method as set forth in claim 8 wherein the 
amplitude of the voltage applied to said conductor ele 
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8 
ment is varied at separated intervals of time‘during all 
the time that current is supplied to said load. 

11. A method as set forth in claim 10 wherein said 
intervals of time are between about ten days and about 
thirty days in duration and are repeated about one to 
three times per year. 

12. A method as set forth in claim 1 wherein the 
amplitude of the voltage applied to said conductor ele 
ment is varied prior to placing the conductor element in 
service. 

13. A method as set forth in claim 12 wherein the 
amplitude of the voltage element is varied for about ten 
to about thirty days prior to placing the conductor 
element in service. 

14. A high volage, direct current, electric power 
transmission system comprising a conductor element 
with insulation 'therearound, said insulation being with 
out ?uid pressure thereon, a source of high voltage, 
direct current connected to said conductor element at a 
?rst point for supplying a direct current voltage of a 
predetermined magnitude to said conductor element 
and to a load at a second point remote from said first 
point for supplying direct current to said load, and 
means connected to said source for varying the voltage 
supplied to said conductor element throughout its 
length at a periodic rate, said amplitude being varied by 
an amount less than said predetermined magnitude and 
less than an amount which will cause voltage break 
down of said insulation. 

15. A high voltage, direct current, electric power 
transmission system as set forth in claim 14 wherein said 
amount is between 0.5% and 10% of said predetermined 
magnitude. 

16. A high voltage, direct current, electric power 
transmission system as set forth in claim 15 wherein said 
amount is between 1% and 5% of said predetermined 
magnitude. 

17. A high voltage, direct current, electric power 
transmission system as set forth in claim 14 wherein said 
periodic rate does not exceed about 60 Hz. 

18. A high voltage, direct current, electric power 
transmission system as set forth in claim 17 wherein said 
periodic rate is between about 1 Hz and about 20 Hz. 

19. A high voltage, direct current, electric power 
transmission system as set forth in claim 14 wherein said 
means for varying the voltage supplied to said conduc 
tor element comprises an alternating current generator 
connected in series between said source and said con 
ductor element and an inductor connected in parallel 
with said alternating current generator and in series 
between said source and said conductor element, said 
inductor having a lower ohmic resistance and a higher 
reactance than, respectively, the ohmic resistance and 
reactance of said alternating current generator. 

20. A high voltage, direct current, electric power 
transmission system as set forth in claim 14 wherein said 
conductor element is the conductor of a cable and 
wherein said system further comprises a load, said con 
ductor element interconnecting said source and said 
load. 

* * ill * * 


